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FAA Control # 96-01-156 
 
SUBJECT:   Along Track Distance (ATD) Error Assumption in GPS SIAP Criteria  
 
BACKGROUND/DISCUSSION:   ALPA presented the question of why along-track (ATRK) 
fix displacement error of GPS approaches, as specified in Order 8260.38A, is greater than 
that allowed for DME when close to the DME transmitter.  A follow up letter also stated 
concern about Federal airway fixes being evaluated for considerably less than the 2 mile 
ATD fix error assumption for en route GPS operations.   Documents:  Status Document for 
Government/Industry Charting Forum, Oct 10, 96, AFS-450:   Draft paper "Analysis of Fix 
Displacement Error (FDE) Tolerance Issue," Dr. Young Lee, MITRE, Mar 26, 1997. 
 
The Fix Displacement Error (FDE) published in Order 8260.38A was based on GPS RAIM 
values.  While accuracy was known to be much better than the FDE used, it was 
determined that the integrity issue should be represented in terms of FDE.  This order was 
developed before practical use of the system had occurred and was considered a 
conservative approach to assigning an FDE value. 
 
Research and discussions have been ongoing to arrive at a more representative number for 
GPS FDE including accuracy, availability, integrity and continuity.  Some method of 
combining these values into an overall limit was sought, but no existing studies were found 
that combined these values.  AFS-450 has had discussions with Dr. Young Lee, MITRE 
Corp., who is a recognized expert on RAIM and GPS integrity, regarding our issue. The 
GPS Program Office provided funding for Dr. Lee to perform more extended research into 
the issue.  We have now received a preliminary report from Dr. Lee, which discusses how to 
combine the very low probability of a large integrity (RAIM) error with accuracy. 
 
GPS accuracy is stated as the Horizontal Error value (expressed as Circular Error 
Probable (CEP)), which is 99.9 meters (95% to 98% of the time). Further, the stated 
accuracy is 300 meters or less, 99.99% of the time.  Clearly normal GPS accuracy is 
much better than VOR/DME and only rarely approaches the RAIM limits, especially for 
terminal and en route operations.   Further complicating the issue is the fact that a RAIM 
warning will occur well before the stated RAIM value is reached a very high percentage 
of the time. 
 
The VOR/DME FDE values in TERPS are 95% accuracy values, with no consideration for 
other factors such as availability or integrity.  A direct comparison of  VOR/DME accuracy 
values to GPS, would be to compare them to the GPS 95% accuracy (99.9 meters) root-
sum-squared  with the airborne equipment error (0.124 nm en route and terminal and 0.056 
for approach) for along track distance error and including CDI/FTE error (0.2 nm and 0.01 
nm) for the cross track error. This would yield a value much smaller than even the 
minimum DME FDE of 0.5 nm.  However, it does not take into account the probability of an 
undetected integrity error. 
 
The 95% accuracy value for FOE for conventional navaids is tightly bounded with ground 



monitors which provide the "integrity". Using 95% of the GPS accuracy value does not include 
GPS integrity which has a much larger limit.  However, the GPS RAIM alarm limit covers 
extremely low probability occurrences (possibly as small as 10E-12 or 10E-15) which are 
truncated from the VOR/DME values.  Therefore, some method of “truncating" the GPS 
values by a method which results in a protection factor at least equal to the VOR/DME could 
be used to arrive as a more reasonable value for GPS FDE. 
 
After further discussions, a decision was made to attempt to establish the GPS FDE as a 
Circular Error Probable (CEP) value that a GPS-based position error would exceed with an 
extremely small probability (10E-7/hr).  (The actual error distribution would be elliptical; 
however, the shape would be constantly changing, and is not usable for TERPS purposes.)  
Analysis so far, has shown this value to be approximately 700 meters or approximately 0.4 
nm for en route and terminal operations.  The RAIM value of 0.3 nm would still apply for 
approach operations. 
 
This approach may be considered somewhat conservative in some areas.  It does not include 
any adjustment for the probability of the error occurring at the same time the aircraft arrives 
at a fix. The majority of failures so far have been in Block I satellites which are being 
replaced, and small duration missed detection of errors, followed by an alarm, is treated as a 
complete missed detection, and the error is allowed to grow.  The very low probability of 
occurrence of an error larger than the 10E-7 value would still be contained within the existing 
primary obstacle protection areas, even with full en route RAIM value.  However, as 
previously noted, there is a high probability of receiving a RAIM alarm before reaching the -
actual limit. 
 
Discussions on applying the CEP of 0.4nm/700 meters (10E-7) to FDE for en route and 
terminal are ongoing with Dr. Lee, who states that the entire value should be applied.  He 
recommends that the value not be reduced to a 95% (2 sigma, approximately 233 meters) 
since it would not include all failure conditions 
 
 
RECOMMENDATION:  Discussions with Dr. Lee are progressing.  We will continue to work 
with him to arrive at a final solution which can be used to revise FAA Order 8260.38A. 
 
COMMENT:  The solution derived from this discussion may apply to other RNAV type areas 
as well.  The WAAS MOPS and TSO are nearing finalization and the results of this effort 
should be considered in the final decision of the integrity values to be used in WAAS.  At 
present, the WAAS MOPS contains the similar differences between accuracy and integrity 
contained in TSO-CI29. 
 
 
Submitted by: Steve Jackson AFS-420 
April 7, 1997 
 
 
______________________________________________________________________ 
  
INITIAL DISCUSSION (MEETING 96-01):  Wally Roberts, ALPA presented the question as to 
why the along track  (ATRK) fix displacement tolerance for GPS approaches, as specified in 
Order 8260.38A is greater than that allowed for DME. This poses concern that obstacle 
clearance requirements may not be satisfied when pilots are flying an overlay approach. Don 



Pate, AFS-450 stated that the ATRK errors originally specified for GPS may be overly 
conservative. This issue is currently undergoing study by AFS-440/450. AFS-440/450 will 
provide study results the next meeting. Action: Item Open (AFS-440/450). 

_______________________________________________________________________ 
 
MEETING 96-02: Don Pate, AFS-450, presented a briefing paper on this issue. Research and 
discussions were undertaken to arrive at a more representative number for the GPS FIX 
displacement error (FDE) to include accuracy, integrity, availability and continuity. There has 
coordination with Dr. Young Lee, MITRE Corp., who is a recognized expert on RAIM and GPS 
integrity. The conclusion thus far is that the FDE is not a problem in the en route arena; 
however, further study is necessary to reach a final conclusion. It was suggested that, in the 
interim, ATC provide radar monitoring until aircraft are in approach phase. AFS-450 will 
continue discussion with Dr. Lee to ascertain accuracy and integrity values as they apply to 
use of GPS for en route navigation. Action: Item Open (AFS-450). 
 
_______________________________________________________________________ 
 
MEETING 97-01: Don Pate, AFS-450 presented a briefing paper on this issue. Research and 
coordination with Dr. Young Lee, MITRE who is a recognized expert on RAIM and GPS 
integrity issues, indicate that using GPS for en route navigation on existing airways will not 
compromise obstruction clearance. Errors associated with GPS fix positioning are 
considerably less than those associated with conventional NAVAIDs. AFS-450 will continue 
to consult with Dr. Lee to arrive at a final solution that can be used to revise Order 
8260.38A. The consensus was that this issue can be closed. Status: Item Closed. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


